(19) 



J 




(12) 



(43) Date of publication: 

14.08.1996 Bulletin 1996/33 

(21) Application number: 96101622.7 

(22) bate of filing: 06.02.1996 



EuropSisches Patentamt 
European Patent Office 
Office europ6endes brevets (11) EP 0 726 394 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl«: F04B 35/04, H02M 3/155 



(84) Designated Contracting States: 
DEGBIT 

(30) Priority: 07.02.1995 JP 18898/95 

(71 ) Applicant: SAWAFUJI ELECTRIC CO., LTD. 
- Nerima-ku, Tokyo (JP) 

(72) Inventors: 

• Ogiwara, Kazayuki, 
c/o Sawafuji Elec. Co., Ltd. 
Nltta-machi, Nitta-gun, Gunma-ken (JP) 



• Akazawa, Naoki, 
c/o Sawafuji Elec. Co., Ltd. 
Nitta-machI, Nitta-gun, Gunma-ken (JP) 

(74) Representative: Reichel, Wolfgang, Dipl.-lng. 
Reichel und Reichel 
Parkstrasse 13 
60322 Frankfurt (DE) 



(54) A power supply for vibrating compressors 

(57) A power supply for vibrating compressors com- 
prises a voltage booster circuit portion having voltage 
changing means for boosting the DC voltage of a com- 
mercially available battery and changing the boosted 
voltage, and an AC voltage generating circuit portion for 
supplying the boosted DC voltage to the vibrating com- 
pressor. The AC voltage generating circuit portion com- 
prises a MOSFET or bipolar transistor for driving a 
vibrating compressor, a timer IC for generating pulses to 
cause the MOSFET or bipolar transistor to switch, a 



forced operation circuit for detecting a timing at which a 
counter electromotive force generated by the vibrating 
compressor during the OFF period of the MOSFET or 
bipolar transistor is recovered to the neighborhood of 0 
volts and fordbly reversing the output of the timer IC, 
and a driver for driving the MOSFET based on the out- 
put of the timer IC or a base-cunrent supply circuit for 
controlling the bipolar transistor. 
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Description 

BACKGROUND OF THE INVENTION AND RELATED 
ART STATEMENT 

Tliis invention relates generally to a power supply 
for vibrating compressors, and more particularly to a 
power supply for vibrating conpressors of a type having 
a vibrating drive coil in a magnetic field, in which a tim- 
ing at which a counter electromotive force generated in 
the drive coil is recovered to the neight>orhood of 0 volts 
is detected, and an AG voltage is generated in synchro- 
nism with that timing to feed a drive current to the drive 
coil from the outside to ensure efficient operation of the 
vibrating compressor. 

Conventional power supplies for vibrating compres- 
sors have heretofore been of such a type that an AG 
voltage of a frequency agreeing with the mechanical fre- 
quency of a vibrating compressor is caused to generate 
in a complex circuit configuration (Japanese Patent 
Application Serial No. Sho-54{1979)-74184) to feed to 
the vibrating compressor. 

Another type of power supply is also known, in 
which a t>attery voltage is boosted by a DC-DC con- 
verter using a transformer, and the boosted voltage is 
fed to the vibrating conrpressor. 

In the prior-art vibrating compressors, however, the 
circuit for causing the electrical system and the 
mechanical system to resonate with each other has 
been constructed by discrete devices due to the com- 
plexity of its circuit configuration. This has led to 
increased cost and trout)lesome maintenance. Further- 
more, the use of a transformer has resulted in increased 
weight and cost. 

SUMMARY OF THE INVENTION 

This invention is intended to overcome the afore- 
mentioned shortcomings. 

It is an object of this invention to provide a power 
supply for vibrating compressors in which circuit config- 
uration is simplified to reduce cost. 

It is another object of this invention to provide a 
power supply for vibrating compressors in which a 
transformer is omitted to reduce weight and cost. 

It is still another object of this invention to provide a 
power supply for vibrating compressors in which a 
MOSFET or bipolar transistor is used as a switching 
element for converting direct current into alternating 
current, and a timer IC is used to generate pulses for 
switching the MOSFET or bipolar transistor so as to 
simplify circuit configuration, obtain optimal DC voltage 
using a transformerless DC voltage t>ooster circuit, and 
reduce weight and overall cost 

To achieve these objectives, the power supply for 
vibrating compressors of this invention has an AC volt- 
age generating circuit portion for generating an AC volt- 
age fed to tiie vibrating compressor; the AC voltage 
generating circuit portion comprising a MOSFET for 



driving tiie vibrating compressor, a timer IC for generat- 
ing pulses to switch the MOSFET. a timer forced opera- 
tion circuit for detecting a timing at which the counter 
electromotive force generated by the vilxating compres- 
sor during the OFF pe-iod of the MOSFET is recovered 
to the neighborhood of 0 volts, and forcibly reversing the 
output of the timer IC in synchronism with the detected 
timing, and a driver for driving the MOSFET based on 
the output of the timer IG, whereby tiie optimum voltage 
is fed to the vibrating compressor so as to supply an AC 
voltage of tiie most efficient frequency to the vibrating 
compressor. 

In a circuit configuration using a bipolar transistor in 
place of the MOSFET. a base-current supply circuit for 
controlling the bipolar transistor based on the output of 
the timer IC is used. That is. the power supply for vibrat- 
ing compressors of this invention has an AC voltage 
generating circuit portion for generating an AC voltage 
fed to the vibrating compressor: the AC voltage generat- 
ing circuit portion comprising a bipolar transistor for 
driving the vibrating compressor, a timer IC for generat- 
ing pulses for switching the bipolar transistor, a timer 
forced operation circuit for detecting a timing at which 
the counter electromotive force generated by the vibrat- 
ing compressor during the OFF period of the bipolar 
transistor is recovered to the neighborhood of 0 volts, 
and forcibly reversing the output of the timer IC in syn- 
chronism with Ihe detected timing, and a base-current 
supply circuit for controlling the bipolar transistor based 
on the output of the timer IC, 

The power supply for vibrating compressors of this 
invention supplies optimal voltage to the vibratirig com- 
pressor by providing a DC voltage booster circuit por- 
tion in the preceding stage of the AC voltage generating 
circuit portion. 

As described above, this invention has such a con- 
stiruction tiiat the DC voltage of a power source is con- 
verted into optimal DC voltage for the vibrating 
compressor, and the supply of power to the vibrating 
compressor is controlled by a switching element, that Is. 
a MOSFET or t)ipolar transistor; the pulses for switching 
the switching element, that is, the MOSFET or bipolar 
ti^ansistor. are generated t>y the timer IC. and tiie output 
of the timer IC is forcibly reversed by the timer forced 
operation circuit so tiiat an AC voltage is applied to tiie 
vibrating compressor at a predetermined timing. With 
this arrangement, the DC voltage of a commercially 
available battery can be boosted to a desired voltage. 
80 that power of optimal voltage can be supplied to 
match different drive voltages required for specific 
vibrating compressors of different specifications, and 
the vibrating compressor can be operated efficiently 
with a fewer number of parts and a simplified drcuit con- 
figuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 shows a construction of a power supply for 
vibrating compressors according to this invention. 
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Rg. 2 is a time chart of assistance in explaining the 
operation. 

Fig. 3 is a diagram of assistance in explaining the 
counter electromotive force generated in the vbrating 
compressor. ^ 

Fig. 4 shows another construction of a power sup- 
ply for vibrating compressors according to this inven- 
tion. 

Fig. 5 is a time chart of assistance in explaining the 
operation. 

Rg. 6 shows a construction of the voltage kx)OSter 
circuit portion of a power supply for vibrating compres- 
sor according to this invention. 

Fig. 7 shows still another construction of a power 
supply for vit>rating compressor according to this inven- is 
tion. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Rg. 1 shows a construction of a power supply for so 
vibrating compressor according to this invention. 

In Rg. 1 , reference numeral 20 refers to an AC volt- 
age generating circuit portion in which a vibrating com- 
pressor 1 is connected between the source of a 
MOSFET 2, which is a switching element and the 25 
ground. The drain of an n-channel MOSFET 2 is con- 
nected to the positive +30-V side (Terminal e). for exam- 
ple, of the output that will be described with reference to 
Fig. 6. The +30-V voltage can be obtained by boosting 
the +1 2-V output of a battery 3 in a voltage lx)oster cir- so 
cuit portion 30. The vibrating compressor 1 is used for 
an automobile refrigerator, for example, and the battery 
3 is of a commercially available automobile-mounted 
type. 

A driver 4 and a gate voltage circuit 5 are con- 3S 
nected to the gate of the MOSFET 2. to which a gate 
voltage Vcc2 of approximately 12 V is fed from the gate- 
voltage circuit 5. The driver 4 and the gate-voltage cir- 
cuit 5 are drive means for the switching element. The 
irput of the gate-voltage circuit 5 is connected to the 40 
output (Terminal f) of the voltage txx}Ster circuit portion 
. 30 shown in Rg. 6. . 

The driver 4 receives a pulse signal (osciilation out- 
put) output by a timer IC 6 (NE555. for example), and 
generates a gate signal of the MOSFET 2 based on the 45 
received pulse signal. A source voltage Vcc1 is fed from 
a stabilization circuit 7 to the timer IC 6. The timer 10 6 
as pulse generating means for switching the switching 
element operates as an astable multivibrator. The 
HIGHA-OW time of the output T Pin (or Terminal) No. 3 sc 
of the timer IC 6 is determined by resistors R3 and R4. 
and a capacitor C4 connected to Pin (or Terminal) Nos. 
6 and 7 of the timer IC 6, as shown in the figure. The 
HlGH-level time T1 is normally expressed by 
T1 = 0.693 (R3 + R4) • C4. while the LOW-level time si 
T2 by T2 = 0.693 • R4 • 04. The input of the stabiliza- 
tion circuit 7 is connected to the output (Terminal g) of 
the voltage booster circuit portion 30 shown in Fig. 6. 



Terminal g is also connected to a fan drive drcutt 9 for 
driving a fan F. and used as the power supply thereof. 

The power supply shown in Fig. 1 (and Fig. 4. which 
will be described later) supplies to the vibrating com- 
5 pressor 1 the voltage obtained by boosting the voltage 
of the battery 3 in Fig. 6. Consequently, the power sup- 
ply shown in Fig. 1 (and Fig. 4) constitutes a single 
power supply, together with the voltage booster circuit 
portion 30 shown in Fig. 6. 
10 To Pin No. 5 of the timer IC 6 connected is a timer 
forced operation circuit 8. which forcibly turns the HlGH- 
level output at Pin No. 3 to a LOW level at a predeter- 
mined timing. The signal output to Pin No. 3 is an output 
of the timer IC 6 and at the same time the output of the 
15 aslable multivibrator that is the timer IC 6. Conse- 
quently, the timer 10 6 is an oscillation circuit, whose 
oscillation frequency is determined by external resistors 
R3 and R4 and an external capacitor 04, having a func- 
tion to fordbly turn the HIGH level of the oscillation out- 
so put thereof to a LOW level. 

The MOSFET 2 as a switching element provided 
according to this invention is driven by the driver 4. The 
driver 4 operates based on the oscillation output at Pin 
No. 3 of the timer IC 6. The drive output of the driver 4 is 
25 supplied by the gate-voltage circuit 5. The oscillation 
output of the timer IC 6 is fordbly changed by the timer 
forced operation circuit 8. The timer forced operation cir- 
cuit 8 uses as an input the potential at a connecting 
point between the source of the MOSFET 2 and the 
30 vibrating compressor 1. and detects changes in the 
input That is. the operation of the timer forced operation 
circuit 8 is dependent on (in synchronism with) the 
vibrating compressor 1. 

(^nsequently. the switching of the MOSFET 2 is 
35 l>asically determined by the oscillation output of the 
timer IC 6. and can also be forcibly changed at a prede- 
termined timing in synchronism with the operation of the 
vibrating conrpressor 1 . The timing at which the switch- 
ing operation is changed is a timing at which the counter 
40 electromotive force generated by the vibrating compres- 
sor 1 is recovered to the neighborhood of 0 volts, as will 
be described later. 

To the driver 4 connected is a thermo-control circuit 
10 for keeping temperature in a refrigerator incorporat- 
es ing the vibrating compressor 1 constant. Numeral 11 
refers to a counter electromotive force clamping circuit 
for damping the counter electromotive force generated 
in the vibrating compressor 1 . 

The operation of the AC voltage generating circuit 
so portion of the vibrating compressor emlxxiying this 
invention having the aforementioned construction will 
be described in the following. 

Since the MOSFET 2 is connected in a source-fol- 
lower fashion, a source voltage Vcc2. whiich is approxi- 
> 55 mately 12 V. for example, with respect to the source of 
the MOSFET, and stabilized by the gate-voltage circuit 
f 5, is provided as a signal to be applied between the gate 
and source of the MOSFET 2. That is, when the MOS- 
FET 2 is turned off, a counter electromotive force as 
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shown in Fig. 3 is generated on the source side of the 
MOSFET 2 by the inductance of the vibrating compres- 
sor 1 . This causes a diode D1 to conduct, charging a 
capacitor C3 to nnaintain the source voltage Vcc2. At 
this time, the source voltage Vcc2 and the source-drain 5 
voltage of the MOSFET 2 are kept at approximately 12 
V by a constant-voltage diode ZD1 . 

In the following, the operation will be described, 
referring to the time chart of Fig. 2. 

When the output at Pin No. 3 of the timer IC 6 10 
becomes L (LOW level. 0 V, for example) (Fig. 2 (1)). a 
phototransistor in a photocoupler IC (TIJP521 , for exam- 
ple) is turned on via a transistor TR3. which is usially 
turned on. and the source voltage Vcc2 of approxi- 
mately 12 V is applied to the gate of the MOSFET 2 is 
(Fig. 2 (2)), turning on the MOSFET 2. Thus, the 
boosted voltage of the battery 3 of Fig. 6. which will be 
described later, is applied to the vibrating compressor 1 
(Fig. 2 (3)). The optimum time required for applying volt- 
age to the vibrating compressor 1 is empirically deter- 20 
mined in terms of the construction of the vibrating 
compressor 1 , and set to the ON tirr^e T2. Note that the 
time T2 is a duration in which the MOSFET 2 is kept 
ON. while the time T1 is a duration in which the MOS- 
FET 2 is kept OFF 

After the lapse of the ON time T2. the output at Pin 
No. 3 of the timer IC 6 becomes H (HIGH level, a voltage 
Vcci . for example)(ng. 2 (1)). turning off the MOSFET 
2. At that time, a counter electromotive force having a 
deep negative voltage is generated, as shown in Rg. 3. 
by the inductance of the vibrating compressor 1 (Fig. 2 
(3)). This counter electromotive force is gradually recov- 
ered, exceeding 0 volts. The elapsed time until the 
counter electromotive force reaches a zero-crossing 
point (Point X in Fig. 3) varies with the pressure and 
temperature conditions of the vibrating compressor 1. It 
is empirically known that the highest efficiency can be 
achieved by applying the next pulse at Point X in Fig. 3. 
The timer forced operation circuit 8 is therefore actuated 
at this timing, that is, the timing at which the counter 
electromotive force is about to exceed 0 volts, or recov- 
ered to the neighborhood of 0 volts (to substantially 0 
volts). That is, the output (at Pin No. 3) of the timer IC 6 
is forcibly reversed from H to L. that is, from OFF time 
T1 to ON time T2 at this timing. Consequently, the timer 
forc^ operation circuit 8 forcibly reverses the output of 
the pulse generating means (6) at the timing at whteh 
the counter electromotive force generated by the vibrat- 
ing compressor 1 during the OFF period of the switching 
element (2) is recovered to the neighborhood of 0 volts. 
This allows voltage to be applied to the vibrating com- 
pressor 1 at the optimum timing, as will be described in 
the following. 

Since the source of the MOSFET 2 is kept at a neg- 
ative potential by the counter electromotive force during 
OFF period of the MOSFET 2 (Rg. 2 (3)). the base of 
the transistor TR2 in the timer forced operation circuit 8 
is reverse-biased, turning off the transistor TR2. As the 
counter electromotive force is recovered and the 



source-side voltage of the MOSFET 2 is about to 
exceed 0 volts, the transistor TR2 is turned on at that 
timing, causing potential of Point c on the collector side 
to reverse from H to L (Fig. 2 (5)). 

The potential shift of Point c on the collector side 
from H to L is differentiated by a differentiation circuit 
consisting of a resistor R6 and a capacitor C6, and a 
sufficiently large trigger waveform as shown in Fig. 2 (6) 
appears at Point d on the cathode side of the diode D3. 
The trigger waveform (Fig. 2 (6)) shown by the upper 
dotted line that appears when the transistor TR2 is 
turned off, causing Point c on the collector side to shift 
from L to H, disappears as it is clamped to the voltage 
Vcci by the diode D4. 

The aforementioned trigger waveform differentiated 
by the differentiation circuit consisting of the resistor R6 
and the capacitor C6 is input to Pin No. 5 of the timer IC 
6 via tiie diode D3. Pin No. 5 of the timer |C 6 serves as 
an input for controlling the ON time T1 output from Pin 
No. 3. The voltage at pin No. 5 is therefore compared 
with the charging voltage of the capacitor C4 on Pin No. 
6. If the voltage at Pin No. 5 is lower than that at Pin No. 
6, control is effected so as to reverse the output at Pin 
No. 3, 

Pin No. 5 is usually set to the 2/3 of the source volt- 
age Vcci , and higher than the charging voltage of the 
capacitor C4 input to Pin No. 6 (Fig. 2 (7)). As shown in 
Fig. 2 (7), however, when a sufficiently large trigger 
waveform is input, the voltage at Pin No. 5 becomes 
lower than the charging voltage of the capacitor C4 at 
Pin No. 6 before the voltage at Pin No. 6 reaches the 2/3 
of the source voltage Vcci. That is, the timer IC 6. which 
is an astable multivibrator, is triggered. arKi the output at 
Pin No. 3 is caused to l^e forcibly reversed from H to L at 
that timing. That is. the HIGH-level time T1 at Pin No. 3 
is forcibly terminated, shifting to the aforementioned ON 
time T2 (Fig. 2(1)). 

This causes a phototransistor in the photocoupler 
IC to turn on, and Vcc2 Is applied between the gate and 
40 source of the MOSFET 2 to turn on the MOSFET (Rg. 2 
(2)). As a result, tiie boosted -i^O-V voltage is applied to 
the vibrating compressor 1 at the optimum timing. 

At this time, an almost constant ON time T2 that is 
shorter than T2 = 0.693 • R4 • C4, as described above, 
45 can be obtained because the ON time T2 begins at a 
voltage lower than the 2/3 of Vcci . The value of the ON 
time T2 in this invention is determined, taking into con- 
sideration the fact that the ON time T2 become shorter. 
The 1/3 of Vcci in Fig. 2 (7) represents the level at 
so which the HIGH-level time is started on Pin No. 3 when 
the charging voltage of the capacitor C4 reaches this 
level in case that Pin No. 5 of the timer IC 6 is not used 
or not connected with the timer forced operation circuit 
8. The 2/3 of Vcci , on the other hand, represents the 
55 level at which tiie LOW-level time is started on Pin No. 3 
when tiie charging voltage of tiie capacitor 04 reaches 
this level. 

The OP (operational) amplifier 0P2 of ttie tiiermo- 
control circuit 10 compares at all times the voltage 
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divided by a resistor R17 and a thermistor TH1 with the 
reference voltage obtained by dividing the stabilized 
Vcci voltagiB by resistors R18 and R20, and R19. The 
resistance value of the thernnistor TH1 rises as temper- 
ature falls. Consequently, as the temperature in the 
refrigerator falls below a preset temperature, the output 
of the OP amplifier OP2 becomes U cutting off the base 
cun-ent of the transistor TR3. turning off the transistor 
TR3. This causes the photodiode in the photocoupler IC 
to stop emitting light, continuously turning off the MOS- 
FET 2. Consequently, voltage supply to the vibrating 
compressor 1 is stopp«j. As the temperature in the 
refrigerator rises, the output of the OP amplifier OP2 is 
reversed to H. With the output of the OP amplifier OP2 
being H, the base current of the transistor TR3 is kept 
supplied, holding the transistor TR3 to the ON state, 
whereby the MOSFET 2 is caused to perform ON/OFF 
operation by a pulse signal output by the timer IC 6. 
causing the viljraling compressor 1 to resume opera- 
tion. 

Furthermore, as the temperature in the refrigerator 
falls below a preset temperature, the output of the OP 
amplifier OP2 bedomes L, as described above. With the 
output of the OP annplifier OP2 becoming L, however, 
both the transistors TR4 and TR5 of the fan drive circuit 
9 are turned off. causing the fan F to stop. As the tem- 
perature in the refrigerator rises above the preset tem- 
perature, both the transistors TR4 and TR5 are turned 
ON, causing the fan F to operate. This leads to a power 
saving for the battery 3. 

Fig. 4 shows another construction of a power sup- 
ply for vibrating compressors according to this inven- 
tion. 

In Fig. 4, like parts are indicated by like numerals 
shown in Fig. 1. Numeral 12 refers to a bipolar transis- 
tor, which is a switching element. 13 to a base-current 
supply circuit The bipolar transistor 12 corresponds to 
the MOSFET 2 in Rg. 1. and the base-cun-ent supply 
circuit 13 serves as switching-element drive means, cor- 
responding to the gate-voltage circuit 5 and the driver 4 
for driving the MOSFET 2 in Fig. 1. Terminal f is not 
used because the gatie-voltage circuit 5 is not neces- 
sary. 

In Fig. 4. the vibrating compressor 1 is connected 
between the collector of the PNP-type bipolar transistor 
12 and the ground, and the emitter of the bipolar transis- 
tor 12 is connected to the positive +30-V (Terminal e) 
side, for example, of the output, which will be described 
later in reference to Fig. 6. The base of the bipolar tran- 
sistor 12 is connected to the base-cunrent supply circuit 
13. 

The base-current supply circuit 13 receives a pulse 
signal output by the timer IC 5 (NE555. for example), 
and causes a base cun-ent to flow in the bipolar transis- 
tor 12 based on the received pulse signal. 

To the base-current supply circuit 13 connected are 
the timer forced operation circuit 8 and the thermo-con- 
trol circuit 10 for keeping the temperature in the refriger- 



ator constant. The clamping circuit 1 1 has been omitted 
in the figure. 

The operation of the power supply for vibrating 
compressor according to ti^s invention having the afore- 
5 mentioned construction will be described in the follow- 
ing. 

. When the bipolar transistor 12 is in the OFF state, a 
counter electromotive force as shown in Fig. 3 is gener- 
ated on the collector side of the bipolar transistor 12 by 
10 the inductance of the vibrating conpressor 1. A timing 
at which the counter electromotive force generated by 
the vibrating compressor 1 during the OFF period of the 
bipolar transistor 1 2 is recovered to the neighborhood of 
0 volts is detected, and the output of the timer IC 6 is for- 
15 dbly reversed at that timing. 

In the following, operation will be described, refer- 
ring to the time chart of Rg. 5. The time chart shown in 
Rg. 5 is essentially the same as the time chart of Rg. 2. 
As the output at Pin No. 3 of the timer 10 6 becomes 
20 L (Rg. 5 (1)). a base current flows in the bipolar transis- 
tor 12 via the transistor TR3 (Fig. 5 (2)). which is usuaUy 
turned on, turning on the bipolar transistor 12. As a 
result, the boosted voltage of the battery 3 in Fig. 6 is 
applied to the vibrating compressor 1 (Rg. (3)). 
25 After the lapse of the ON time T2, the output at Pin 
No. 3 of the timer IC 6 becomes H (Rg. 5 (1)). tuming off 
the bipolar transistor 12. At that time, a counter electro- 
motive force is generated, as described earlier (Fig. 5 
(3)). The timer forced operation circuit 8 is actuated at a 
30 timing at which the counter electronx>tive force is recov- 
ered, exceeding 0 volts so that the output of the timer IC 
6 is forcibly reversed from H to L. that is, from the OFF 
time T1 to the ON time T2 at that timing. 

Since the collector of the bipolar transistor 12 is 
35 kept at negative potential (Fig. 5 (3)) by the counter 
electromotive force during the period when the bipolar 
transistor 12 remains in OFF state, the transistor TR2 is 
tumed off. As the counter electromotive force is recov- 
ered, and the collector side of the bipolar transistor 1 2 is 
40 about to exceed 0 volts, the transistor TR2 is turned on 
at that timing, reversing potential of Point c on the col- 
lector side from H to L (Fig. 5 (5)). "The trigger waveform 
shown in Fig. 5 (6) appears on Point d on the cathode 
side of the diode D3 in accordance with the potential 
45 shift of Point c on the collector side from H to L. 

The aforementioned trigger waveform is input to Pin 
No. 5 of the timer IC 6 via the diode D3. As shown in Rg. 
5 (7), the output at Pin No. 3 is forcibly reversed from H 
to L at the timing at wWch the trigger waveform is input. 
so That is. the HIGH-level time T1 of Pin Na 3 is forcibly 
terminated, shifting to the aforementioned ON time T2 

(Rg.5(i)). 

The OP amplifier OP2 of the thermo-control circuit 
10 compares at all times the voltage divided by the 
55 resistor 17 and the thermistor TH1 with the reference 
voltage obtained by dividing the stabilized Vcci voltage 
by the resistors R18 and R20. and R19. 

As the temperature in the refrigerator falls below a 
preset level, the output of the OP amplifier OP2 



5 



# 



EP0726 394 A2 



8 



becomes U cutting off tfie base current of the transistor 
TR3. turning off the transistor TR3. This causes the 
bipolar transistor 12 to continuously turn off. stopping 
the operation of the vibrating compressor 1 . As the tem- 
perature in the refrigerator rises, the output of the OP 
amplifier OP2 is reversal to H, and the bipolar transistor 
12 is caused to resume ON/OFF operation by the pulse 
signal output by the timer. IC 6. causing the vibrating 
compressor 1 to resume operation. 

Rg. 6 shows a construction of the voltage lxx)ster 
circuit portion of the power supply for vibrating compres- 
sor according to this invention. A voltage booster circuit 
portion 30 is a transformerless circuit having voltage 
changing means for boosting the DC current of the bat- 
tery 3 and changing the boosted vojtage. 

In Fig. 6. the basic part of the voltage booster circuit 
portion 30 comprises a MOSFET 31, choke coll 32. 
diode D31, controlling switching IC {TL494, for exam- 
ple) 33, and capacitor C31- A PWM controlling signal 
having such a pulse width that the voltage (to be input to 
Pin No. 1) obtained by dividing the output voltage at Ter- 
minal e by a resistor R31 . and a resistor R32 and a var- 
iable resistor VR31 becomes equal to the reference 
voltage at Pin No. 14 of the controlling switching 10 33 is 
output to Pin Nos. 9 and 10 of the controlling switching 
10 33. This PWM controlling signal is impressed to the 
gate of the MOSFET 31 by the switching operation of 
the transistor TR31 . Witti tNs. the MOSFET 31 is PWM- 
controlled. 

When the MOSFET 31 is turned on, for example, 
current flows from the battery 3 into the choke coil 32 
during the ON period of the MOSFET 31 , and energy is 
accumulated in the choke coil 32. At this moment the 
diode D31 is reverse-biased by the ON state of the 
MOSFET 31. 

When the MOSFET 31 is turned off. a counter elec- 
tromotive force is generated in the cfioke coil 32. current 
flows in the output side via the diode D31 , charging the 
capacitor 031 and feeding power to the output side, that 
is, the cathode side (Temiinal e) of tiie diode D31 . 

The voltage on the output side (Terminal e) is 
caused to change by changing the voltage obtained by 
dividing the output side (Terminal e) by the resistor R31 , 
and tiie resistor R32 and the variable resistor VR31. 
that is by changing the pulse widtii of tiie PWM control 
signal output by Pin Nos. 9 and 10 of the controlling 
switching 10 33 by changing the variable resistor VR31. 
thereby changing the ON/OFF time ratio (on-duty) of the 
MOSFET 31. 

That is, a DO voltage of 30 V, for example, can be 
obtained on Terminal e in the voltage booster circuit por- 
tion 30 based on the DC voltage of 12 V of the commer- 
cially available battery 3 without using transformer. 
Needless to say. the DC voltage of the battery 3 is not 
limited to 12 V. but may be'set to the voltage of an auto- 
mobile battery, if the vibrating compressor is used on an 
automobile. Similarly, the boosted voltage is also not 
limited to 30 V, but may be determined depending on 
the characteristics of the vibrating compressor. 



Fig. 7 shows still another construction of a power 
supply for vibrating compressor according to this inven- 
tion. 

In Fig. 7. the emitter of the bipolar transistor 12 is 
5 connected directly to the positive-pole side of the bat- 
tery 3. That is. the power supply shown in Fig. 7 has no 
voltage booster circuit portion 30 shown in Fig. 6. but is 
connected directly to the battery 3. 

For this reason, a capacitor 01 and a constant-volt- 
10 age diode DZ4 are connected to the power supply, 
togetiier with the battery 3. The capacitor CI and the 
constant-voltage diode DZ4 correspond to a capacitor 
01 * and a constant-voltage diode DZ4* in Fig. 6, respec- 
tively. 

75 As the battery 3 is connected directly to the power 
supply, the output of tiie battery 3 is supplied to a resis- 
tor R1 and a fan drive circuit 9 via a diode D2 to obtain 
a voltage corresponding to the input of the stabilization 
circuit 7. that is. the output at Terminal g. The diode D2 

so corresporxJs to a diode D2' in Fig. 6. 

The construction of the power supply of Rg. 7 in 
other respects is similar to tiiat of the power supply 
shown in Fig. 4. Consequentiy, the operation of the 
power supply of Fig. 7 is similar to the operation (Fig. 5) 

25 of the power supply shown in Fig. 4. In this way, the 
power supply of Fig. 7 is an embodiment where the DC 
voltage of the battery 3 is converted into an AC voltage 
to power the vibrating compressor 1 . 

As described at>ove. since the power supply of tiie 

30 vibrating corrpressor of this invention uses a switching 
element for converting DC cun^ent into AC cunrent that 
is. a MOSFET or bipolar transistor, and a timer IC for 
pulse-generating to switch the MOSFET or bipolar tran- 
sistor, circuit configuration can be 'simplified, the 

35 number of parts can be reduced, and the manhour for 
assembly can be reduced. All this leads to reduced . 
manufacturing cost. 

Furthermore, the arrangement of the voltage 
booster circuit portion where the DC voltage of a com- 

40 mercially available battery can be boosted to a desired 
voltage by using a variable resistor without using trans- 
former to supply to the switching element makes it pos- 
sible to easily obtain desirat>le source voltages to match 
variations in coil windings of vibrating compressors, and 

45 at the same time, to reduce the weight and manufoctur- 
ing cost of tiie vibrating corripressor. 

Claims 



50 



55 



A power supply for vibrating compressors having an . 
AC voltage generating circuit portion for generating 
AC voltage to power a vibrating compressor: said 
AC voltage generating circuit comprising a switch- 
ing element for driving said vibrating compressor, 
pulse generating means for generating pulses to 
cause said switching element to switch, a forced 
operation circuit for detecting a timing at which a 
counter electromotive force generated by said 
vibrating compressor during OFF period of said 
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switching element is recovered to the neighborhood 
of 0 volts and forcibly reversing an output of said 
pulse generating rneans at said detected timing, 
and drive means for driving said switching element 
based on the output of said pulse generating 5 
means, so that the optimum AC voltage of the most 
efficient frequency is supplied to said vibrating com- 
pressor. 

2. A power supply for vibrating compressors as set 
forth in Claim 1 wherein said switching element 
comprises a MOSFET. and said drive means com- 
prises a driver for driving said MOSFET and a gate 
voltage circuit. 

3. A power supply for vibrating compressors as set 
forth in Claim 2 wherein the source of said MOS- 
FET is connected to said vibrating compressor, and 
said driver supplies a voltage stabilized by said gate 
voltage circuit to a gate of said MOSFET. 

4. A power supply for vibrating conrpressors as set 
forth in Claim 3 wherein said driver include a photo- 
coupler; said iahotocoupler feeding a voltage stabi- 
lized by said gate voltage circuit to the gate of said 25 
MOSFET, and electrically separating the control 
signal side from the stabilized voltage side of said 

. photocoupter. 

5. A power supply for vibrating compressors as set so 
forth in Claim 1 wherein said switching element 
comprises a bipolar transistor, and said drive 
means comprises a base-current supply circuit for 
rontrolling said tjipolar transistor. 

35 

6. A power supply for vibrating conrpressors as set 
forth in Claim 5 wherein the emitter of said bipolar 
transistor is connected directly to a battery. 

7. A power supply for vibrating compressors as set 40 
forth in Claim 1 also has a voltage booster circuit 
portion for boosting the DC voltage of said battery; 
a voltage lx>osted by said voltage booster circuit 
portion is supplied to said AC voltage generating 
circuit portion. 

8. A power supply for vibrating compressors as set 
forth in Claim 7 wherein said voltage booster circuit 
portion comprises a transformerless circuit. 

so 

9. A power supply circuit for vibrating compressors as 
set forth in Claim 1 also has a thermo-control circuit 
for controlling temperature in a refrigerator com- 
posed of said vibrating compressor; said thermo- 
control circuit controlling said switching element via S5 

. said drive means in such a manner that when tem- 
perature in said refrigerator falls below a predeter- 
mined temperature, voltage is prevented from being 
supplied to said vit)rating compressor. 
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(54) A power supply for vibrating compressors 

(57) A power supply for vibrating compressors com- 
prises a voltage booster circuit portion having voltage 
changing means for t)oosting the DC voltage of a com- 
mercially available battery and changing the boosted 
voltage, and an AC voltage generating circuit portion for 
supplying the boosted DC voltage to the vibrating com- 
pressor. The AC voltage generating circuit portion com- 
prises a MOSFET or bipolar transistor for driving a 
vibrating compressor, a timer IC for generating pulses to 
cause the MOSFET or bipolar transistor to switch, a 
forced operation circuit for detecting a timing at which a 
counter electromotive force generated by the vibrating 
compressor during the OFF period of the MOSFET or 
bipolar transistor is recovered to the neighborhood of 0 
volts arxJ forcibly reversing the output of the timer IC, 
and a driver for driving the MOSFET based on the out- 
put of the timer IC or a base-current supply circuit for 
controlling the bipolar transistor. 
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